
RESEARCH MEMORbANDUM 

rt 
E- 

t' 

'r: 

. 



The largest  reductions in drag r e s u l t s d  fram sealing the gaps 
between the wing f l a p s  and m c e l l e ,  reducing the th icbess  of the 
nace l le  traiIlng-edge l i p ,  and b r i n g h g  the under-wing air inlet  t o  
the wing leading edge. It was found that without the engine cooling 
fan adequate ooollng air would 'I;e available for all oondltians of 
fl5gh-k except f o r  c ru ise  and olimb at 40,clOO fset. Sufficient 0 4 1  
cooling a t  an altitude of ~0,OOO feet  m y  be obtained, by the use of 
f h p - t y p e  8xft doors. 

I m O D U C T I O N  

Airplane designs inoorpora t ing  low-drag w h g s  In combhatfan 
with moe1les for pusher propellers ofror t he  posaibility of laminar 
flaw over the  portion of  the wfng ord5naril.J influenced by oonventfonal 
t rao tor  propellers. The u86 of leading-edge air inlets, whiuh has 
been s h m  by experience k.0 be an effeoient  means of  inducting 
adequate oool ing air  may tend, however, tu destroy thc advantuges of 
Ieminar flaw if poorly daeignsd. A w e l l  designed leadineedge air 
inlet oprating in cmbination with an efficient dueting system 
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would result I n  an appreciable reduct ion i n  airplane drag with 
adequate cool ing a i r .  for khe engine. 

At the r eques t  of t he  Air idatoriel  Cmtaapd, Army A i r  Foroesl 
t he  development c f  a pucher-type Fzboard  tlacelle suitable for 
app l i ca t ion  t o  th6 m-36 airplane was undcrfxken in the -gley 
two-dimensional low-turbulence ttmn6 1s. 

In the d o v e l o p e n t ,  suocessim modifications of a 1/&-sca10 
nacelle model, mounted on the o e n t o r  sect2on of: a 3-foot  span 
NkCA $(&0)-&2 (approxha 9) a i r f o i l  were tested p r k i l y  at a 
Reynolds n m b r  of 2'5 x 10B t o  determine +PA most e f f i c i e n t  
oonl igura t idn  f o r  several typical f l i gh t   cond i t ions .  Tho basic 
aonfigmatiou, whioh was simply' oon'struated, was s u h i t t e d  by the 
Consolidated Vultee Aircraft Corporation m d  was tested with a numbor 
of air-intdm system wtl external modif'icationc, With such changes 
a8 seemod olemly desirable -from these prelimilia-jr t e s t s ,  the model 
was redesigned and the scaled duots of tho -prototype airplane were 
installed. 

The drag oharao te r i s t i c s  of the redesigned model acre d a t c r m i m d  
over the oaloulated flight range o f  lift c o o f f i c i c n t s  for sevoral 
flow conditions.  Further modifications 'mre mada in cn effort t o  
improm tne flow over the  nacelle alld through the duct ing  system. 
These nlodlficatLons consisked of chamfing the d u c t   i n l e t  and subsequmtly 
extending the underwing air i n l e t  to the l ecd ing  edge. The r e s u l t i n g  
oard igurn l ions  were tested tl-s-ough the complete ca lca la ted  f l i g h k  
range o f  l i f t  coe f f i c i en t s  f o r  the flow cor-ditions  determinod by the  
manufacturer. Tn addikion,  the e f f e c i x  o n  external drgg 03 flap and 
flush type doors  on the oil cooler a d  i n t e rdoo le r  aool icg-air  d x o t  
o u t l e t s  were detemined. 

The rnodiflcations were designed by members of t h e  low-turbulence 
s e o t i o n  jn o o o p r a t i o n  with nrem5s1-s of' the Consolidated Vultee 
Aircraft Corporation. A l l  the data presented h e r a h  have bosr. givan 
previousiy i n  prelimirlary form. 

CL airplane l i f t  c o e f f i c i e n t  

C t  model lift coefficient 

% 
c% 

. naoelle total drag aoeffioient 

moel le  ex te rna l  drag coeff ioient  



caloulated  drag ooefficient due to internal flow (exolusive 
- of engine oharge air) 

mass d e n s i t y  

v e l o c i t y  measured at point of subsoript 

model nacelle f ’ rontal  area (38.2 sq In.) 

v o l m  rate of flow through duct 

Reynolds number based on a o t u a l  ohord - r:”) 
duat oross - sec t iona l  area 

average total-pressure d e f e a t  ooefficient 

total-pressure loss c o e f f i c i e n t  aoross b a f f l e  

coof f io i en t  of v i s c o s i t y  

Subsoripts : 

0 in f r e e .  stream 

n in duct i n l e t  

e i n  duot e x i t  

KODELS AND APPARATUS 

All oanfigur’ations  discussed herein represented an inboard 
nace l l e  foP the X B - 3 6  airplane and wera constructed t o  l/&-soale. 
The nacel le ,  designed f o r  .pusher propellers, was mounted on the   cen ter  
seo t ion  of ‘a 23 .Tf-inch chord wing seot ion  of 36-inch span and w a s  
built t o  the contour of the  NACA @(&!O)-&Z? (approximate) airfoil. 
Ordinates for t he  plain a i r f o - i l  and f l a p  are  given in peroent of 
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airfoil chord i n   f i g u r e  1. The wing  section  was  equipped  with a 
0.226~ s l o t t e d  flap.  The f l a p  was r e t r a c t e d  and the  gaps between the 
f lap  ends and the   naoe l l e   ( f i g .  2) were sealed f o r  a l l  runs  presented 
herein exoept where otherwise  noted. 

Original  Easio Configurations t 

Configuration A.-  This  configuration was designed and constructed 
by the  Consolidated  Vultee  Mrcraft   Corporation  with no attempt  being , ' 

made to   s imu la t e   t he   duc t s  of the prototype. A s  sketched i n  figure 3 ,  
the  leading-edge a i r  i n l e t  had a f la t  top  and bottom  with semi- 
c i r c u l a r  ends. Cooling a i r  was admitted  through this opening  and a l d  
through the wderwing air i n l e t   ' l oca t ed  a t  approximately t h e  
0.550 stEtion. All the  air was exhausted through an  annular  s l o t  
about   the propel ler  spinn6r. k: separa t ing   p la te  (fig. 2) was i n s t a l l e d  
t o  prevent mixing  of  the two a i r  streams with in  the  nace l le  and, upon 
ad  justanent  permitted thg  proper   divis ion or  flow between the upper 
and lower  surfaoes. To regula te   the  flow, spinners  of var ious  
diameters were used. 

The e&craal f a i r i n g s  addod t o  the model are sham i n  figure 4. 
Configuration B.- The leading-edge air i n l e t  was d e s i p e d  t o  

handls a l l  of t he  air  r equbed  by the  engine  .(f ig.  5 ) thus   e l imina t ing  
the   necess i ty   fo r   t he  underwing air I n l e t  and separa t ing   p la te  of 
configurat ion A. The modifioations  of  configuration 3 invoLvad a 
change in t h s   e x i t  shspe and methods of aea l ing   the  f l a p  nacelle gaps. 
(See f ig .  6.) 

Configuration C.- The leading-edge air i n l e t  was designed on 
the basis or' recormendations made i n  referenoo 1 and was spproximately 
diamond shaped a s ' , shom  in   f i gu re  7. The t r a i l i n g  edge of t he  
nace l le  .was sharp; otherwise  the model remained unchanged from 
oonfiguration A. 

Fina l  Duoted Configurations 

Configurations 1 and 2.- The design o f  oonfigurations 1 and 2 differ  
only 'm the shape and pos i t i on  o f  the lwer l i p  of the  leading-sdgo 
air i n l e t  as shown in f igu re  8. Ordinates and a sketah f o r  both noae 
forms,  msaaured along the   naoe l le   oenter   l ine  and' given i n  percent of 
a i r f o i l  chord, are presented i n  f i g u r e  9. Cooling air f o r  the engine, 
interooolers ,  and cabin  entered a common duct at the wing  leading  edge 
w h i l e  air  f o r  the o i l   c o o l e r  and engine  charge  entered t h o u g h  separate  
ducts  i n  the underwing air inlet, located at approximct-bely the  3.m station, 
as shown i n  f igure  lO(a) .  At t h e  rear  Epar, the  leading-edge duct 
separates i n to  f o u r  parts as shown in figure 10( b). 
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The engine, fntercooler, and cabin air exhausted through the 
o u t l o t s  shown in figure 1O(c); the   o i l   cooler   and  engine charge air 
through  the outlets indioated in figure 10( d) . 

The engine a i r - f low r a t e  m s  regulated by s l i d i n g  the c i r cu la r  
tapered plug i n  the engine a i r - e x i t  s l o t  fore  and aft. Figure lO(c) 
shws the plug i n  the  extended  posi t ion  olosing  the slot while 
figure 10( d) shows t h i s  plug in its extreme r e t r a a t e d  position 
f o m i n g  the maximum o u t i e t  opening. The interoooler ,  oil aooler, and 
cabin air-flow rates were a l s o  regulated a t  the respect ive  out le ts .  
Doors f o r  the in te rcooler  and oabin a i r -duc t   ou t l e t s  were designed t o  
s l i d e  p a r a l l e l  t o   t h e  wing surfaoe, xhereas  tkLe oil-oooler closure 
was designed to represent  a hinged flap. These conditions  were 
adhered t o  in the t e a t s   e x c e p t  where  otherwise noted; that is, one 
t e s t  Eas made wfth a hinged f l a p  an t he   i n t e rcoo le r  cool ing-a i r  
o u t l e t  and five with a sliding p l a t e  , o n  the oil-cooler ,cool ing-air  
outlet. The f l o w  through  the engine charge-afr  ducts was regulated by 
i n se r t ing  a olay cons t r i a t ion  about 4 inches behind the a i r - i n l e t  
posit ions.  

Multiple-hob, o r i f i o o  p l a t e s  rsferred to. herein as baffles were 
i n s e r t e d  in the duots where resistmcss sirnulaking heat exohangers 
( f i g .  8) were requi red , .  The l i g h t  l b e s  appearing on the  model In 
figures lO(a) and 1O(c) show the sealed slots i n  which  the o i l -  
oooler  and in te roooler  h f f i e  p l a t e s  ware- insertad. The engine baffle 
was mounted about  the spintier s t 6 m  with t h e -  pressure drop coef- 
ficients E oa l l ed  f o r  i n  the t e s t  spec i f ioa t iops  (table 1) being 
s e t  by copr ing '  a s u f f i o i e n t  nusbsr of  the or i f ice  holes with  
oe l lu lose  tape. No hea t  was added t o  simulate a a t u l  flow conditions. 

Configuration 3 -- This configuration  incorporated  the second 
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nose form {fig. 9 )  i n  oombination wi th  tho underwing afr i n l e t  
extended to the leading edge as Shawn in figure 11. ATr for the  051- 
cooler Etnd engine charge entered t h e  common lmsr duct a t  the wing 
leading edge. (See f ig .  12(a).) The air flow  through the. engine- 
chwge-air   ducts  was regula tbd ,  by inserting. a clay cons t r i c t ion  
wi th in   the   duc ts  a t  a poin t  near the exit, otherwise the =mer of 
ad jus t ing  the f1Or;r rates through t he  remaining ducts  was the same as -. 
pr6viOusly  indicated. !two addi t iona l .v iews  of .the m o d e l  are given 
in figures I?( b) and 12(0) while figures 13 (a) t o  l33(0) shows tho  air 
i n l e t 6  and o u t l e t s  sealed f o r  the no-flow condltian.  Figures &(a) 
and 4 ( b )  pictures the model with   the  f l a p s  defleoted 38.5O. 

Tests of t h e  model were made i n  the  Langley two-dimensional 
low-turbulenae tunnels. The t e s t s  included measurements at  a Rspolds 



number of approximately 2.5 x lo6 of l i f t ,  drag, internal duct 
106ses, to ta l -presecre  snrveys a t  various s t a t i c n s  within the  d x t s ,  
and the d i s t r i b u t i o n  o f  pressure over the wing and  along tho center  
line of t he  naceIle, The air-f low oharac t e r i s t i ca  over the naoe lle, 
a t  the  air Inlets, and. i n   t h e  wing nace l le  junutures were deternined 
by photogaphing the r eaz t ion  02 t u f t s D  Drag measurerrents o f  configura- 
t i o n  3 were also made a t  a Reynolds number of 6 x 196 t o  determine 
the  scale  effeot  f o r  the simulated oruiss condition at 40,000 f ee t .  
(see ta3le 1.) 

Lift.- Theoret ioal  uurVes of CL p l o t t e d  a g a i c s t  airplane angle 
of at- and CL plo t ted   aga ins t  cz f o r  the  wing  seotion a t  the  
oenter  l ine  of. 'an  inboard nacelle o f  t he  m-36 a i rp lane  i n  t h e   t r i m  
oondi t ion were s u h i k t e d  by the manufackurer. The seotion l i f t  
ooe f f io i en t s  on thesa plots were based on a -span load d i s t r i b u t i o n  for 
t he  wing without  nacelles.  The use of these OUTVES enabled the ' 

i n v e s t i g a t i o n   t o  bs made a t  modal l i f t  coefficients  corresponding t o  
t h e   a o t u a l   f l i g h t  l i f t  coe f f i c i en t s  of the  a i rplane.  

A series of l i f t  curves Rere determined a t  a rb i t r a ry   va lues  
of ~ F T o  f o r  several wing-naoelle  combinations by the aethods 
desoribed in referenoe 2. The results of these t e s t s  indicntod no 
appreoiable ohanges i n   t h e  l i f t  c h a r a c t e r l s t i c s  of the model w i t h  
ohange i n  flrjw for   given angles of attack throughout  the c m p l e t e  
range of flight l i f t  ooef f io ien ts .  Tne. liL% coeff ic ien ts   o f  'clm 
remg.inlng configurations were, therefors ,  determined i n   t h e   s i m p l e s t  
manners that is, with'the oooliag-a& outlets  approximately half open 
and w i t h  the baffles removed from tho  duots. All l i f t  ooeffioients 
have been oorreoked f o r  tunnel-wall o m s t r i c t i o n   e f f z o t e .  

3- The me-survey method was used t o  measure drag. The 
integral of .the l o s s  of total pressure i n   t h e  wake, wMch results i n  a 
fair ly   c lose  approximation t o  the drag, h?s meassured wi th  an in t eg ra t ing  
manometer as described in referenoe 2e Insofar as possible, the wing 
and nace l le  were maintained in: an aerodynmioally smooth condition 
during a l l  drag t e s t s .  Xaoelle drag coe f f i c i en t s  were based on. the 
nacelle f ron ta l  area of 38.2 square inohes, which i s  equivzlent  t o  
52 square feet f u l l  soale. The values of the  t o t a l  naoel le  drag 
ooef f io ien t  w0re determined from p l o t s  o f  the spanwise surveys, a 
ky-pioal example of which i s  gfven in f igure 15. The area under t he  ourve 
was f i r a t  determined. From th i s ,   the   a rea   equiva len t  t o  the p l a i n  
wing-drag was subtraoted,   the   net  a r e a  K represent ing  the drug o f  
the naoel le ,  including internal losses. This area K was then 
used i n  the  equation: 

= b O X e o  

DF P 
%IG - interml-drcg of engine charge-afr  ducts 



The Inbrnal drag   coef f io ien ts  C D ~  were determined p r i o r  to the 
drag tests by using the   average  ra te  o f  f l o w  and loss o f  impaot 
pressure measured at  the cooling-air  duot outlets by p i t o t - s t a t i c  
tube ~urveys~ The r e l a t i o n  used t o  oampute the in te rna l   d rag   ooef f io ien t ,  
assuming inompress ib le  f l o w , i S  d B  fa l lows:  

3 

The external naaelle drag  cooff iofent  was obtained by subtracting 
elements represent ing the internal lose f'rm the total nace l le   d rag  
coeff ic ient ,  that is, 

where C D ~  represents the i n t e r n a l  drag of a l l  the duots  wfth the 
exception of the internal drag contributed by the engine oharge-air 
duct ( 8 )  whioh was or ig ina l ly  subtracted in determining the t o t a l  
nacel le   drag  coeff ic ient .  

RESULTS DI scuss rox 

Grigfnal  Basio Conffprs t ions  

Since the a c t u a l   i n t e r n a l  flow conditions were n o t  simulated for 
oonf igura t ims  A, B, and C, due to the simplicity of the ducting 
system, the  de ta i l ed  results are not  presented; however, the modifications 
and their e f f e c t s  on drag a r e  br ie f ly   d i scussed .  

Configuration A,-  Revjlsing the  oooling-air exit l i p  of  configura- 
tion A ( f i g ,  3 ( 5 ) ]  t o  form a sharp Lip (fig.  Ud)) reduced the nace l le  
drag  coeff ic ient   about  13 ercent  %%ile the f a i r i n g s  added t o  the 
model ( f ig .  &(a),&( b), and % (e)) did  not  markedly Improve its charauter- 
istics. Throughout a l l  subsequent t e s t s  the  sharp e x i t  Zip was there- 
fore retained. 

Configuration B. - When the gaps betmen the flap ends and the 
nacel le  (fig. qb]) were sealed, the nacel le  drag ooef'ficfent was 
oonsiderably reduced, the amoun% of the drag reducti-on being relatively 
unaffeotod by the  type o f  seal used. (See f i g ,  6(d), and &).) Conse- 
quently, the remainder of  the t e s t s  were  made wlth t h e  flap nacealle gaps 
seafed. In an attempt to further reduce the drag of configuratian B, 
a metal oone ( f i g .  @a) wa6 used i n  place of the  spinner. Although 



th i s  arrangement  .resulted fn a small deorease i n  nacel le  drag, it 
wa8 not  corrsidered  suf'fioietlt to   warrant   cont inued t e a t s  when viewed 
i n  the  light of the p r o h b l e  Psaigbt increase entailed. 

Configuration C.- Laninar  flow  extended  over a greater percentage 
of t h s ~ ~ ~ r ~ " ~ g m a t i o n  C ( f l g o  7 )  tb.n e l i h r  o f  t h e   e a r l i e r  
configurat50nso As a r e s u l t ,  the ex te rna l  nacelle drag of  conf igwar  
t i o n  C was lower than  the @rag of e i t h e r  of the ea r l i e r   con f igu ra t ions  
for a l l  flow ra tes   inves t fga ted .  During t h o  latter p a r t  of the  
i n v e s t i g a t i m ,  it, waa found by tuft obssrvat5ons that turbulen t  
f low was oocurr ing  in   the wing-naoelle junctures behind  the 0 . 7 5 ~  station 
on t h e  upper surface. The t e s t s  were, therefore,   discontinued and a 
more representa t ive  model, designed  to  disoharge the in te rcooler  
cooling a i r  i n  the  wing-nacelle j w t w e s ,  was constructed. Such a 
design, it was thought, would reduce tho tu r lx lcnce  i n  the wing- 
naoelle junotures whereupon the  extsrnnl drag v;ould 'Ge fu r the r  reduced. 

F ina l  Euoted Configurations 

The t e s t  conditions speoified by the  manufacturer m e  given in 
+able 1. The remarks given i n  table 1 ind ica te  the Change6 in the 
model  omf igura t ions  as t e s t e d  for the various ruk. The t e s t  
r e s u l t s  for ccnfigurat ions 2 and 3 a r e  rocorded i n   t a b l e  2 at a model 
lift ooefficient of 0.83 (CL 3 0.70) which  oorreeponds aFFroxhate1y 
t o  the c ru i se  l i f t  coe f f i c i en t  of t h e   a i r p l m e ,  It i s . t o  be noted 
that t h e   r e s u l t s   f o r  s b i l a r  oonditions of conf lgu ra t ims  2 and 3 a r e  
given on the same line ( t a b l e  2) f o r  oomparatite purpcses. Yne 
uomplete tes t  results f o r  configurations 1, 2, and 3 ore presented i n  
tables 3 to 5, 6 t o  21, and 22 t o  &, respeot ively.  P l o t s  of model 
lift ooef f i c i en t   aga ins t  model angle of a t tack  f o r  oonf igwa t ion  3 
are &win i n  figure 16, 

Preliminary surveys.- A prelimisary survey o f  the   to t s l -pressure  
l o s s e s h  engfiniobTirtg-air  duct of conf5guration 1 was made at 
the rear faoe o f  the  baffle and a t  the   cool ing-a i r   ou t le t  t o  determine 
the percentage loss i n   t o t a l  presswe between the two chordwiso stations. 
It was found t h a t  the  average loss was about 1 percent of the  frcc- 
stream dynamio pressure which is oonsidered negligible. Tne s p e a i f i e d  

pressure drop a o e f ~ i o i e n t s  Bp (table 1) aoross  the baffles were 

therefore  determined by subtraot ing  the average t o t a l  presamre a t  the 
exi t  from that a t  +he front face of t he  baffle. 
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An addi t iona l   sur rey  of oonfigurakion 3 was made with the  flow 
through the duots  adjusted to .simulate the high-sped  oondi t ion 
a t  30,000 feet i n  order to determine the external naoel le  drag w i t h  



and 7Pithout baffles i n  the ducts. (See fig. 17.) It is of i n t e r e s t  
t o  note t h a t  for th5s  high ve loc i ty  ex€* colldftion the   ex te rna l   nace l l e  
drag was r e l a t i v e l y  unaffected hy the preaence of baffl0s in  the ducts 
movided the same values of A were retained.  

F V O  

The results obtained f rm tests  of oonfiguration 3 with the 
baffles removed fram the duoks ( tabhs  22 to 28) are  presented i n  
figure 18 as t h e   v a r i a t i o n  o f  average  total-pressure  defect  - a t  
the coollng air outlets wi th  flow coe f f i c i en t  - . In order to . 
s impl i fy  the  tests, these results were used in  some 08888 as the  
avorage t o t a l  pressure meaqurements at the f ion t  face of the baffles, 
This was  pemisslible s h o e  it had been s h m  previously that the loss 
in t o t a l  pressure hetween the .baffle and $he cmling-air  outlet was 
negligible.  

Q =, 
FVO 

Dra a t  h i  h speed and maximum flow,- Due t o  the large  t o t a l  
pressure +-- osses measure i n  the endne   t oo l ing -a f r  duct a t  l i f t  

* ooeff io ien ts  above about 0,7001 the e x t e r n a l n a o e l l e  drag ccefficients 
of' oonfiguration 1 were only measured f o r  the simulated high-speed 
and maximum flow  conditions, These data are presentsd i n  f i g u r e s  19 
and 20, respectively. Inoludoil in figures 19 and X) are t he  ckag 
results obtained from t e s t s  o f  configurat ions 2 and 3 for  corresponding 
flow conditions.  Cutting back t h e  Lower l i p  of th3  lending-edge  duot 
in le t  of configuration 1 t o  form t h e  seocmd nose (configurat ion 2) . 
showed an bprovemant in  the pressure rooovery in the  leading-edge 
duct. The eXb6rrlal naoelle drug of  oonfiguration 2 for  both the high- 
speed ( f i g .  19, CL = 0.425) and maximum f low (fig. 23, CL = 0.912) 
oonditions was, hoarever. inoreased 13 and 18 percent, respectively, 
above that of  oonfiguration 1. The fmprovement In nacelle contour 
by extendkg the  underwing air entrmoe t o  the leading edge (oonfigura- 
t i m  3)  produced the largest  reduoticm in external nace l le  drag. The 
mezw31 raduotion from canfigurat ion 2 varied fiom & percent f o r  the 
high-speed  omdftion to 39 peroent for the naxhirm flaw oondition. 

Effecta on drag of flow through in te rcooler  cooling-sir ducts.- To 
determine the effeot  on ex te rna l  naoe.lle drag of the  Zntercooler 
oool ing-air   out le ts   loaated at the d n g  mce l l e  junchres, the inter- 
cooler   cool ing-air   out le ts  were sealed (run 22/24, oonfiguration 2) 
and the  engine  cooling-air  duct e x i k  plug was opened u n t i l  the leading- 
edge   duot   in le t -ve loc i ty   ra t io  was about the same a8 run 22. Figure 21 
shows that t h e  external drag was decreased  approxlmetsly 25. peroent 
through  the entire range of l i f t  ooeff ic ients   invest igated w i t h  t he  
intercooler cooling-air outlets open. It i s  to be noted that the  
speoif ied pressure dro? aoross t h e  b a f f l e  s i m l a t i r g  the engine w&6 
unobtainable w i t h  t he   r equ i r ed  flow coef f ic ien t .  Consequently, 



10 NACk BM No. Lull 

the exit was s e t  f o r  maximum flow and the pressure drop aoro8s the 
baff le  was adjusted t o  give the  spocified value of -. c2 

m-o 
An attempt was m a d e  t o  reduce the drag of the   nacel le  by laving 

the  intercooler   c losure s l ide spanwise away from the   nacel le   ( run 15x) 
r a t h e r  t h n  i n  the normal  chordwise direot ion  ( run 15) in order t o  
r e t a i n  a grea te r   pa r t  o f  the e x i t f a g  air i n   t h e  wing micelle juncture. 
(See configuration 2.) The tes t  results f o r   t h i s  lor: naoelle air- 
flow oaudition,  presented i n  f igure 22, show no appreoiable ckELllge i n  
the drag charac te r i s t ics .  As no decrease i n  external nacelle  drag 
was  expected with the spanwise s l i d i n g  door a t  .a high nacelle sirGflow 
oondition, no further t e s t s  w i t h   t h i s  t ypo  door were made. 

The e f f e c t s  on nacel le  drag of cloEing i n  varying  ccmbinntions 
the  interoooler  and engim  charge-air   out lots  of oonfigmatiana 2 and 
3 are shown i n  f i  The use of trtro l n t e rcoo le r s  and two engine. 
oharge-air  ducts  configurakion 2) reduced t h e  external nacelle drag 
about 13 percent below t h a t   o f   e i t h e r  one or  t w o  intorcooler.   duots 
ope ra t ing   i n  combination  with one e%ine chcrga-air  duct ( CL = 0.667). 
The external   nacel le   drag of configuration 3. wZth one intercooler  and 
one as&sa ohmge-air duct  or b v o  in te rcoolers  and one engine  charge- 
a i r  duct open was, respectively,  about 49 and ,!@ percent l ess   than  tliat 
of oonfiguration 2 a t  a lift coef f ic ien t  of 0,667. 

re 

The . required  pressure drop aoross the  baffle simulating the engine 
for   the  runs  indicated i n  figure 3 w a s  unobtainable with the required 
flow ooeffioient.  Since runs 21 and 18 ( f i g .  23) represent the cru ise  
condftion a t  40,000 f e e t ,  adequate sngine  cooling for t h i s   f l i g h t  
condition may be obtained only with  the  cool ing fan in o ~ e r a t i m ~ .  

The e f f e o t s  on nauelle  drag of increased flow through  the inter- 
cooler  cooling-air   ducts  are shown i n  f i g u r e  &. RIUS 20.and 21 
represent  the conditions of the model (configuration 3 )  where. the 
baffle adjustment i n  both the interoooler  and engine  oooling-air  ducts 
was the  same as f o r  run 19. (See t a b l e  1.) Under thes6 conditions 
the  maximum avai lable  flow coef f iodont  at the intercoolar  cooling- 
air  duot ou t l e t s '  f o r  run 20 was about 16 percent   less  tim the  required 
value, The results  indioate #at t h o  exterra1  nacelle  drag  increAses 
as the interoooler flow inoreases. At %he f l m  r 3 t o a  requirad f o r  
runs 20 and 21 the  doors on the inkrcools r   cool ing-a i r   duc t   ou t le t s ,  
although flush w i t h  the wing surfece, were wide open. K i t h  the doors 
vdde open the a i r  v m s  exi t ing  f r a n  thc duct a t  a low veloci ty .  Due t o  
the design of the o u t l e t  and the  low velocfty the air  emergod upward 
and away f'rom the wing-naoelle junctures rather than p a r a l l e l   t o   t h e  
wfng surfaoe and i n t o  the wing naoelle junctures where it hcs been 6hom 
t o  reduce the drag. (See ffg. 21,) 



b a g  a t  cru ise  and o1fmb.- Comparisons of the- drag  oharaoter is t ics  
between configurations 2 and 5 for  the  simulated oruise  canditi,on a t  
a l t i tudes   ranging  from 10,000 to 40,000 feet  and the simulated climb 
condition at; 4O,OOO feet  are presented fn figures 25 and 26, respectively.  
The r e s u l t s  given in f igures  25 and 26 f o r  the oruise (CL = 0.69) 
and olimb ( CL = 0.91) conditions are plo t ted .  in figure 2'7 .to show the 
s f fec te  on external nacelle drag of increasing and varying,   in  
aombinatione,  the t y p e s  of doors on t h e  oil-aooler and intercooler  
oooling-air ex i t s .  

increasing-alt i tudes.  r= one intercooler  'and one  turbo) the t o t a l  nacelle 
drag  increases. The in t e rna l   d rag  is shown t o  increase more rapidly 
than the t o t a l   n a c e l l e   d r a g   r e s u l t i n g  in a gra,dual  decrease 5n externa l  
nacelle  drag wi th  inoreasing flow. The results of oonfiguration 3 
show a consfderable improvement over those of oonfiguration 2. 

FVO 

It is men in fi e 25 that   wi th  the  increasing  f low  required fm 

Figure 27 shows that small var ia t ions  i n  external nacel le   drag 
with chsnges i n  type of doors on the oil-cooler  cooling-air  duct 
o u t l e t  were obtained for the simulated cruise  oondition a t  a l t i t u d e s  
of 10,000 and 30,000 feet .  For the simulated climb  oondition a t  
40,000 feet a substantial reduction in nacelle drag r e s u l t s  w i t h  
flush-type  doors on both the oil-oaoler and intercooler  cooling-air  
duot  outlets.   Exmination of tables 1 and 43, homver, reveals t h a t  a 
flush-type' door on the oil-cooler  cooling-air duot o u t k t  does not  
provide the necessary  prespure  differenoes for suff ic ient   cool ing 
while climbing a t  &,OOO fe,et. Suff ic ien t  o i l  cooling a t  an altitude 
of 40,OOO feet may be obtained, however, by the w e  of  flap-type 
doors. It i s  of  i n t e r e s t  bo note that for the simulated climb 
oonditian a t  .!$, 000 f e e t  the flap-type exit door on the 
oil-cooler  ooollng-air  duct  outlet  extended about 27' belw - 
the surface of the  nacel le .  By redesigning the ooolfng-air   outlet  
t o  decrease the maximum flap defleoticm required for t h i s  flight 
condition, some. improvement f n  ex terna l  naoelle drag may be realized. 

With either the  .Plush or flap-type doors on the intercooler  
oooling-air  duct outlets sufffoient  cooling air saould be available 
for climb a t  40,OOO feet. 

It has been pointed out that air passing through the intercooler  
c o o l i n p a i r  duet ha6 a beneficial effect  on ex terna l  nacelle drag. In 
order t o  keep the external nacelle drag at a minimum it is o f  
considerable i m o r t a n o e  that the ex i t ing  air  be d i rec ted  into the 
wing-nacelle junctures. With f l ap type   door s  on the intercooler  
aool ing-air   duct   out le ts  (fig. 26) the air f lowfng over the wing is 
defleoted upward upon coming in to   contac t   wi th  the upward openfng 
f l a p .  The  cooling air ex i t ing  from the o u t l e t ,   i n  mixing with the 
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a i r  flowing over the  outer  surface of the flap, oreates turbulen t  
flow. A6 8 r e s u l t ,  a, sieeable  increase i n  e x h r n a l   d r a g  i s  obtained. 
From the drag  standpoint,  therefore,  flush-type door6 .on the  . inter-  
oooler  cooling-air   outlets a r e  superior t o  flap-type doors. - . _  

Total-pressure. d e f l e c t  in .engine  cooling-air  duct.- The v a r i a t i o n  
of the avorage total-pressure  def@ct w i t h  chardwise  position  within 
the engfne aooling-air  duct  for  tho  high-speed and climb oonditions 
a t  30,000 and 40,000 fee t   a re   p resented  in  'figuros28(.a) and 28(%), 
respectively.  (See configuration 3.)  Included  in*figure  28(a) are 
two t e s t  points which were obtained from surveys in   the  engine  oool i rg-  
a i r  duct of oonfiguration 1. Thsse results show that with  the second 
no8e form the   l o s ses  at the   rear   spar ' and  at t h e  rear  of t he   d i f fuse r  
are  reduced  about  one-half. 

No and p a r t i a l  flow tI.ll;ou.sh nacelle.- The d rag   r e su l t s   fo r   t he  
no- a 3  partial-flow  conditions (configuration 2) and the no-flow 
condition  (configuration 3 )  are Rresented i n  figures 29 and 30, 
respectively.   In  order t o  simulate the  no-fl&  condition  the air 
i n l e t s  and o u t l e t s  were sealed with modeling clay. 

A comparison,of,runs 25(a) and 25(b) ( f ig .  29) indioates  that w i t h  
only t he   ex i t s   s ea l ed  a l a rge   i na rease ' i n  external nacelle drag   r e su l t s .  
This  increase i n  ex ternal  naoelle  drag is oaused from air spillage 
over the l ihs ,  of the   leading edge and under ,wing air in le t s .  Small 
changes i n  external  drag ,from run 25(b) are  seen frbm'a omparison 
with runs 25(0)  esd  25(d) . These da ta   ind ica te   tha t  air flowing t h o u g h  
e i t h e r  the leading edge 'or underwing a i r  i n l e t  does not appreoiably 
e f f e c t   t h e  external nacelle  drag as long as t h o  flow  through  the  ducts 
is suff ic ient   to .keez)   the a i r  f r a t n  s p i l l i n g  over the  l i p s .  For the  no- 
flaw  oondition, the f u i r a r  oontour  'obtained  with  the scoop  extended 
to the wing.2eading  edge (configuration 3,  f ig .  30) reduced  the  oxterm1 
nacelle drag  .approximately 15 percent below that of configuration 2 
(fig. 29, run 25(b)) a t  'a l i f t  coeff ic ient   of  0.70. 

Soale e f f e c t  on drag   for   o ru iss  a t  4O,OcX, feet.- The r e s u l t s  
presented  . in  f i g u r e  3 1  show t he   e f f eo t  of increased  Reynolds number 
on nacel le  drag. for t he .  oruise condition a t  4O,OW f e e t .  (See 
oonfiguration 3 . )  Run 18(a) represents  the  oondition of the modal i n  
whioh the  baffle a d j u s k e n t s  and  cooling-air   outlet  areas were the 
same as for r m  18. Sinoe sca l e   e f f ec t  on pressure drop i s  n o t  
normally tl"e same f o r  the baffle a a  for the fu l l - sca l e   i n s t a l l a t ion ,  
no attemp5 m e  made t o  measure the  total-pressure  losses  a t  the  face of 
the b f f  le. 

Desi~.oOnsiderEitions.-  The external drag  cocff ic iants  of the 
p r e s e s m i i i a c e l l e  with the underwing air in le t ' ex tendod  to   the  
leading edge (oonfiguration 3 )  m e  approximately one-half t o  txo-thirds  



of those of' conventional t raokor  desigps at the.sme r a t i o  of wing 
thickness t o  nacelle  diameter a s  indicated in referenoes 3.  and 4. 
Propeller operation, as shown i n  reference 5 may tend to a l l e v i a t e  
the s ta l l  oondition at the trailing edge of the wing in the v i o i n i t y  
of the  nacelle a t  high lift coeffioients.  It i s  believed,  therefore, 
that further reduotiors in naoelle drag may be realized with power on. 

It should be noted that naoeIle coafiguration 3 differs f r am 
those on the three-dimensional installation described in reference 5 
due to wing sweepback, plan form, and thiokness taper. The results 
presented in t h i s  Daper, therefore,  may be influenced by these factors .  

The r e s u l t s  of t e s t s  of' the wing-naoelle ombinations of th ia  
report   indicate  the following: 

1. Large reductions i n  drag result fram sealing the gaps between 
the  wing  f l a p s  and naoelle and by r e f a i r i n g  the n a a s l l e   t r a i l i n g  
edge t o  form a sharp l i p .  

2. The improvement i n  nacel le  contour obkained by extending  the 
underwing air entrance to the leadfng edge (configuration 3 )  produced 
t h e  l a rges t  reduct2 on in drag. . -.. . . 

3. Suffioient oil-aooling a t  an altftude of:40,.000 feet may be 
obtained by the  use of flap-type exit doors. . 

4. &em the drag standpoint, flush-type doors on the intercooler 
cooling-air duct outlets are superior . t o  flap-type  doors. 

5. Without the engine coaling fan adeqwte:engine cooling air 
will be a v a t f b l e  f o r  a l l  conditions of flight exoept. for cruise and 
climb at 40,000 fee t .  

6. Inureasing . the stagger .angle and the  lower l i p  radius of the  
. .  

leadins-edge duot t o  form the second no88 improved the pressure 
recovery of the engine cooling-air du:t in t h e .  l i f t  coeff ioient  range 
above O J O O .  

7. Air passing  through the intercooler  cooling-air  duut outlet 
has a benefioial  s f f e o t  on the external .drag provided the ex i t ing  a i r  
f lows  i n t o  the wing-naaelle juncture.  

8. The external drag  deoreaeed a8 t h e   t o t a l  Plow r a t e  increased. 
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9. The external  drag inorsments due t o  the nacelle ..:w+th the 
underwing air i n l e t  extended t o  the leading edge. (oarifiguration 3 )  
are anproximately  one-half t o  .two-thirds of those of mnventionaI 
t raotor  designs. 
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TABLE 36,- R E S U L T S  OF C O D L I N 6  AH0 O R A 6  T E S T S  OF +-SCALE  MODEL OF XB-96  I N B O A R D   N A C E L L E :  

R U N  18 C D N F I 6 U R A T I O N  3 

COMPLETE MODEL 

I 

I I I  
UPPER WlCT INLET 

E M G l l E  AIR DUCT I LEFT HAND I#TERCOOLER  DUCT I C A B I H  AIR D U C T  
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UPPER D U C T   I N L E T  - 
I I E N Q I N E  AIR DUCT I EFf HAND INTERCOOLER DUCT I C A B l H  AIR DUCT 
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UPPER DUCT INLET 

I I E N Q I H E  AIR D U C T  I INTERCOOLER  DUCTS I C A B I N  4 I R  D U C T  
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COMPLETE MODEL 

UPPER  DUCT I N L E T  I 
I I  E H G l n E  AIR D U C T  I I C A B I N   A I R  DUCT I INTERCOOLER DUCTS 
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T A B L E 4 O . -  RESULTS OF CODLIN0 AND D R A G  TESTS OF l y - S C A L E  MODEL OF XB-a6 IHBOARD  NACELLE; 
RUN 2/ C O N F I ~ ~ U R A T I O H  a .  

I 
~ 

~ ~ ~~ ~~~ ~ 
~~ ~ 

COMPLETE MODEL 
LOWER DUCT I N L E T  

I OIL-COOLER I LEFT HANO ERBlHE  CHARGE-AIR  DUCT 

UPPER WCT INLET 

EtlQlNE AIR DUCT I IITERCOOLER DUCTS I CABIN AIR DUCT ! 
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TABLE 4/.- RESULTS O F  C O O L I N 0  A H D  DRAG  TESTS OF E-SCALE  WODEL OF XB-36 I N B O A R D  NACELLE:  I 

COMPLETE MODEL 
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I LOWER DUCT INLET 
I t  o IL -COOLER 1 EHellE CHARGE-AIR DUCTS I 

UPPER DUCT INLET 1 
I I  E H 6 l l E  AIR DUCT I IHTEACOOLER DIKTS I C A B I N  AIR DUOT I 
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.OI66 

.0167 
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.0170 
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T A B L E  99.- R E S U L T S  O F  C O O L I N G  A N D  D R A Q  T E S T S  OF + - S C A L E  M O D E L  OF ~ 6 - 3 6  I N B O A R D  N A C E L L E :  1 1 I R U N  26 , C O N F I G U R A T I O N  3 
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Figure 13.- Continued. 
. .  

(b) Rear top vltiw. 
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(a) ~ O , O O O  feet. 

Ffgure 25 .-. Continued. 

(b) 20,000 feet. 
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NACA ELM No. L6Jll Fig. 1 
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Figure 1.- Osnerel arrangenant of f l a   a i r f o i l  and f l a p  ordinates ror l /Q-so~le  modal 
of Xk36 inboard nacelle.  
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Figure 2.- Rear view of nacelle showing annular exhaust slot spinner, 
separating plate, and flap nacelle gap. 1/14-scale model of XB-36 
inboard nacelle. 2 
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(b) ModIran bottom f a i r h g .  

( 0 )  u n g  bottom rairLng. (d)  Larg top fabing. 

Figure 4.- Hodiiloation of oonfiguratlon A; l/~lt-eoale model o r  XB-36 inboard naoelle. z 
P 

?Q 

NATIONAL ADVISORY 
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(a )  Top three-quarter view. (b) Bottom three-quarter viev. 

Figure 5.- V i e w  or oonfigur?tion B; l/l4-moale model of X 5 3 6  inboard Iraoella. I 
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(a)  260 metal cons exit; 
spinner removed. 

( e )  Normal exit with spinner; 
flag-naaelle gap maled 
with c l a y   f i l l e t .  
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(a) Tog three-quarter view. (b) Bottom three-quarter vis.. 

Figure 7.- Viem of oonfiguration 0 ;  l//llr-acala model of XB-36 inboard naoelle. 
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(c) Rear top view showing air erdts. 

Figure 10. - Continued. 

. .  . .  . .  



- (a) Rear bottom view showing air exits. 
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(a) Front dew. 

Figure 12.- 1/14-scale model of the XB-36 inboard nacelle; 
configuration 3. - UATIDML 1111mIT m u ~ l t l n  ma m m n u m 1 m  

LAUOLIT nnmnra AIDU~~TICI. u m a m w  - L U ~ C . I  PILLD, V I .  
. .. .. 

.. . . .  
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(b) Three-quarter front view of lower surface. (Model inverted). 

Figure 12.- Continued. 0 
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(c) Threequarter front view. 



(a) Three-quarter  front view. 
Figure 13.- l/l4-scale model of the XB-36 inboard nacelle sealed for 

the no-flow condition; configuration 3. - n m m m  nwnm mwnm M ~ILIICS ii 
burin -L ycmma sm- - L- nu. la. 

. .. . .   . .   . .  . .. . .  . .  .. . 
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- (b) Rear top view. 
Figure 13.- Continued. 
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- ( c )  Rear bottom view. 
F W e  13.- Concluded. 
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(a1 Three-quarter front view of lower surface. (Model inverted) 

Figure 14.- 1/14-scale model of the XB-36 inboard nacelle with 
flaps deflected 38.50; configuration. 3. - IITIOIIL m v l r o a l  rnrwrnm an Inammlrn 

LIIILI? u m n r a  ~ I I U T I C ~  LLLpumnv - ~ U O L I T  nnm. V I .  
. . .. . .. . . .  

. . . . .  . . . .. 



- (b) Rear view. 

Figure 14.- Concluded. 
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Figure 16 .- LLft oharacterietlcs of the l/l4-8cale model of 
the XS-36 inboard nacelle. Gonf'iguration 3; pressure 
drops and f low coeff lcienta s e t  for the cruise oonditlon 
at 10,000 feet;  R ~ ' 2 . 5  x 106, LTT teat 351. 



Figure 17.- Drag characterietlcs of 1/~-8cals 
model of the XB-36 inboard naoelle (excltmlve 
of engine charge air) based on model naoelle 
f r o n t a l  area. Configuration 1; high-speed 
oondition at 30,000 feet;  R 2.5 X 106. 
LTT t e s t  329. 
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Fig. 18 
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NATIONAL ADVISORY 

Figure 18.- Variation.of t o t a l  pressure defect a t  the coolln -air duct e x l t a  
d t h  f l O T  ooaff loisnt  for the l/I&-soal~ model of the XB-s% inboard nacel le .  
Configuration 3; rvna 1 to 7; no b a f f l e s ;  R ‘2.5 x 106. I E T  teat  351. 
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NACA RM No. L6J11 Fig. 19 

Figure 19 .- Dra charaoteristice of l/l4-scale 
model of XB-3d inboard nacelle (exclusive o f  
engine charge a i r )  baaed on model nacelle 
frontal  area. High epeed condition at 
30,000 feet;  R 2.5 x 106, LTT t e s t s  329, 
331, and 351. 
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NACA R M  No. LsJll Fig. 20 
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Figure 20.- Drag characterlatic8 of l/4-ecale model 
of the m-36.inboard nacel le  (exclusive o f  engine 
charge air) baaed on model nace lb  frontal  area. 
~aximum f l o w  condition; R-S 2 .5  x 106. 
LTT tests 329, 331, and 351. 
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NACA €€M No. Lg11 Fig. 21. 

Figure U.- Drag characteristics of l/&-acale m o d e l  
o f  the XB- 6 inboard nacelle (excluaive of  engine 
charge a i r  3 baaed on model nacelle f r o n t a l  area. 
Configuration 2:  R 2 .5  x 106. LTP t e s t  331. 
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NACA R M  No. L6p1 Fig. 22 

Figu4.e 22.- Effects on nacelle drag of norptal 
and spanvise slicling doora on the l e f t  hand 
htsroooler  cooling air duct exits; 
l/l4-ecale model of n - 3 6  inboard nacelle. 
Configuratfon 2; lor naaalle a i r  flow; 
R 'Z 2.5 x 106. LIT test 331. 



NACA RM No. L Q l l  Fig. 23 
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1 interoooler and 1 engine 18 

2 intercooler and 1 engine 

' . 21- - charge-air  duct open 

a - barge-air duct open '9 

Figure 23.- Effeot on nacel le  drag due to closing in varying 
comblnations,  the exit6 of the intercoo er and engine charge- 
air ducts;  1/14-8cale m o d e l  of the XB-3 2 inboard nacelle.  
R z2.5 X 106; L'IT t e a t  331. 

COMMITTEE FOR AERONAUTICS 
NATIONAL ADVISORY 



NACA RIM No. LSJll Fig. 24 

Figure 24.- Efrect on nacelle drag of inoreased flow 
through the intercooler ducts: l/l4-scals model. 
of the m-36 lnboaril nacelle. Configuration 3; 
R z Z . 5  X 106, LTT t e s t  351. - 



a m  am 
om e m  NACA RM No. L8Jll Fig. 25a 

(a) 10,000 feet .  

1/14-acale model of  the XB-36 inboard nacelle. Crase  
condition at varying altitudes, R ~ 2 . 5  x 106. 

Figure 25.- Drag cornparlaon of conf'iguratione 2 and 3; 
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NACA R.M No. L6Jll Fig. 25c 
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NACA R,M No. LSJl l  Fig. 26 
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Flow ooeffioient, Q/m0 

Figure 27.- Variation of external nacelle drag Hith flow  coefflolent for cruise and Olm 
nith different tggea of doors on the oil cooler and intercooler oool'ingcalr ducf exita.  
R 2.5 x 106. 
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Percent wing ahord 

(a )  Iil@-speed oondltlon at 30,000 f e a t ;  run 22. 

engine air b o t ;  l/l&soale model. of  the m-36 inboard naoelle. Configuration 3; 
R % 2.5 X 106; LTP t e s t  351. 

FiguFe 28.- Average total gmaaum defect at several. ohordviee poeltione W I t h i n  the 
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Perosnt d a g  ohord 

( b )  Climb oonaitlan a t  40,000 feet; mur 24. 
Figure 28.- Oonoludecl. 
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NACA RM No. LSJll Fig. 29 

Flgure 29.- Effects  on nacel le  drag of no and 
partial f l o w  through ducting system of  
l/l4-scale model of the m-36 inboard naas l le ;  
cod1gurat1on 2; R 2.5  x 106. 
LTT test 331. 
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NACA RM No. LsJ11 Fig. 31 

Figure 31.- Drag scale   effect  of 1/14-scale model 
of the  XB-36 inboard nacelle. Conriguratlon 3; 
cruise oonditlon at  40,000 f e e t .  TDT t e s t  723. - 




